Abstract: Despite major advances in cardiovascular care in recent decades, atherosclerotic cardiovascular disease remains the leading cause of morbidity and mortality worldwide. Statins have been shown to reduce cardiovascular events by 25%-40% in a dose-dependent fashion; yet additional therapies are needed to reduce vascular disease progression and acute thrombotic events. In addition to low-density lipoprotein cholesterol (LDL-C) reduction, other lipid risk factors, such as low high-density lipoprotein cholesterol (HDL-C), have created interest as therapeutic targets to lower cardiovascular risk. However, the absence of compelling data for incremental benefit of non-LDL-centric therapies in the statin era has limited their clinical use. A novel class of compounds, cholesteryl ester transfer protein (CETP) inhibitors, has demonstrated many potentially beneficial lipid-modifying effects. While in vitro and animal data for CETP inhibition have been encouraging, the initial enthusiasm for the class has been tempered by the failure of two CETP inhibitors (torcetrapib and dalcetrapib) in Phase III trials to reduce cardiovascular outcomes. Anacetrapib, a compound that causes near-complete CETP inhibition, has among its effects, robust reductions in LDL-C and lipoprotein(a) as well as dramatic increases in HDL-C. The ability of anacetrapib to reduce coronary disease events is being tested in the Randomized EValuation of the Effects of Anacetrapib Through Lipid-modification (REVEAL) trial (NCT01252953).
Introduction
Significant progress has been made in the primary and secondary prevention of adverse cardiovascular outcomes, including myocardial infarction. Reduction in low-density lipoprotein cholesterol (LDL-C) levels, specifically with statin-based therapy, has been among the most important treatments to reduce atherosclerotic events. 1 Despite therapeutic advances that have included intensive statin therapy, randomized trials have demonstrated that after an acute coronary syndrome approximately 20%-25% of patients will experience death or a major cardiovascular (CV) event in the next 24 months despite optimal medical therapy. 2 Many investigators have proposed guideline changes, advocating earlier and more aggressive LDL-C lowering to reduce the lifetime risk of CV events. 3 For many patients, this direction will require new, safe, LDL-C-lowering agents for those who cannot tolerate statins or meet LDL-C goals on statin monotherapy. In this regard, novel agents that further reduce LDL-C have been sought.
In addition to LDL-C reduction, modification of other known CV risk factors, such as high-density lipoprotein cholesterol (HDL-C) and lipoprotein(a) (Lp[a]) may be important therapeutic targets. The Framingham Heart Study first demonstrated a powerful inverse relationship between HDL-C and the risk of cardiovascular events in the 1970s. 4 Since this initial finding, numerous experimental and observational studies have suggested a protective role for HDL against atherosclerosis, termed the "HDL hypothesis." The intimate association of HDL with proatherosclerotic conditions, the heterogeneity in its compositional and functional subclasses, and its many proposed antiatherothrombotic functions have, however, made it difficult to disentangle whether HDL (or some constituent of HDL) plays a direct protective role or whether it primarily serves as a biomarker of a proatherothrombotic state. 5 Disappointingly, niacin, which augments HDL-C by 20%-25%, recently failed to lower atherosclerotic events in both the Atherothrombosis Intervention in Metabolic Syndrome with Low HDL/High Triglycerides and Impact on Global Health Outcomes (AIM-HIGH) 6 and Treatment of HDL to Reduce the Incidence of Vascular Events (HPS2-THRIVE) trials. 7, 8 It is possible that HDL-C augmentation by another mechanism or to higher levels might be beneficial. In contrast, Lp(a) lowering has not yet been evaluated in randomized controlled trials, but observational and genetic (including Mendelian randomization) analyses have demonstrated an independent association of increased Lp(a) levels with increased CV events, suggesting Lp(a) lowering may confer benefit. 9 In this light, cholesteryl ester transfer protein (CETP), a central modulator of human lipid metabolism, has become an exciting new therapeutic target. Near-complete CETP inhibition results in significant LDL-C reduction as well as other lipid effects, including Lp(a) reduction and dramatic HDL-C elevation. Preclinical evidence from animal models naturally expressing this protein has demonstrated CETP inhibition reduces atherosclerosis, providing encouragement to target CETP in order to treat human disease. The surprising failure of the first two CETP inhibitors (torcetrapib and dalcetrapib) in Phase III outcomes trials has somewhat tempered this initial excitement and forced a re-evaluation of the complex effects of CETP inhibition on lipid metabolism and vascular biology. This review will focus on the potential of anacetrapib, a novel CETP inhibitor, to reduce coronary heart disease, largely based on insights from the torcetrapib and dalcetrapib experiences. Anacetrapib results in near-complete CETP inhibition with more pronounced lipid effects than its predecessors and is currently in a Phase III study for secondary prevention of coronary events. If successful it is likely that anacetrapib will also be considered for statin-intolerant patients and for primary prevention in patients who require LDL-C lowering beyond statin monotherapy.
CETP as a target
CETP originally was identified as a potential target for pharmacologic inhibition when a Japanese family was described with homozygous CETP splicing defects resulting in complete CETP deficiency. 10 In homozygotes, LDL-C was approximately 80 mg/dL and HDL-C was approximately 160 mg/dL, with more moderate changes in heterozygotes. 11 The underlying mutation, intron 14 splice donor site +1G . A (Int14+1A) (allele frequency, 0.8% in the Japanese population), has since been well characterized. Since this first report it has been found that about half of Japanese hyperalphalipoproteinemia (HALP) is caused by CETP gene mutations, including the mutation of D442G (allele frequency, 3.4% in the Japanese population). The homozygote of D442G causes partial CETP deficiency (54% reduction), resulting in a more moderate increase in HDL-C (mean of 96 mg/dL). 12 Human CETP is a 476-residue, 74 kDa, hydrophobic glycoprotein primarily secreted by the liver and adipose tissue. 13 CETP was first cloned in 1987. 14 The structure of CETP allows formation of a tunnel with the opening on one end interacting with HDL and the other with a very low-density lipoprotein (VLDL), intermediate-density lipoprotein (IDL), or LDL particle. The hydrophobic central cavity of this tunnel is large enough to allow transfer of neutral lipids (eg, cholesteryl esters [CEs], triglycerides [TGs] ) from donor to acceptor particles, but conformational changes may occur to accommodate larger lipoprotein particles. The concave surface of CETP matches the curvature of the HDL particles to which it is primarily bound in the bloodstream. 15, 16 The structure of CETP allows it to transfer CEs, TGs, and even phospholipids between apolipoprotein B (apoB) TG-rich particles (eg VLDL, chylomicrons), LDL and HDL based on their relative concentrations and composition; a process termed "het erotypic" transfer. When VLDL and chylomicrons are elevated, such as in diabetes, type IIB hyperlipidemia, or a postprandial state, these particles serve as the primary acceptor of CE. In contrast during fasting, while levels of VLDL and chylomicrons are normal, or in patients with familial hypercholesterolemia, LDL becomes the primary acceptor of CE. The overall effect of CETP is a net transfer of CE from HDL to these apolipoprotein B (apoB)-containing particles and TG to HDL and LDL ( Figure 1 ). An important driver of the transfer of CE from HDL to apoB-containing particles is the production of CE from free cholesterol within HDL by lecithin acetyltransferase (LCAT). 17 Additionally, CETP also serves to shuttle CE within HDL subclasses, termed "homotypic" transfer. Routine CETP activity assays typically only account for transfer of cholesteryl ester from donor particles (HDL3 or artificially engineered liposome) to apoB-containing particles and do not take into account transfer from these donor particles to other HDL subclasses. 18 In humans, homozygous CETP deficiency results in elevated levels of apoA-I due to markedly delayed apoA-I catabolism. There is an increased ratio of the large HDL2 particles to the smaller HDL particles (eg, preβ-HDL and HDL3c fractions) with a similar redistribution of apoA-I. Complete CETP deficiency also results in extra-large apoE-rich HDL particles (.12 nm), larger than in those with HALP or in normal subjects. 19 This apoE enrichment most likely results as a consequence of the continued accumulation of CE in the core of these particles in CETP deficiency as well as an inability to transfer apoE to other larger particles. 20 In homozygous CETP deficiency, apoB levels are decreased primarily through upregulation of LDL receptor activity. LDL particles are more heterogeneous in size with an increase in very small LDL particles, indicating that, as with HDL, CETP plays a role in LDL formation. Alteration of the normal LDL synthetic pathway together with the lack of a subsequent LDL-remodeling process may result in this pattern. 21, 22 Plasma LDL and total cholesterol levels tend to be lower in those with extra-large HDL particles. 19 It is under debate whether the lipid modifications seen with CETP polymorphisms confer protection against atherosclerosis.
Interestingly, CETP activity differs across animal species; those species with no CETP activity seemingly have a reduced susceptibility to atherosclerosis. As in humans, animals that express CETP tend to have higher VLDL-C and LDL-C compared to HDL-C, whereas those with no CETP activity have a "reverse lipid profile" with higher HDL-C than LDL-C or VLDL-C. Mice, rats, and dogs have no significant CETP activity. Rabbits and monkeys have high CETP activity, while humans, hamsters, and chickens have intermediate CETP activity levels. This heterogeneity in the activity of CETP across species has complicated the interpretation of animal model findings and their implications to the biology of CETP and its inhibition in humans.
It is possible that CETP may be proatherogenic by decreasing HDL-C levels and increasing LDL-C levels. It is also possible that CETP may have an anti-atherogenic role by providing a mechanism to deliver CE from HDL to the liver, thereby increasing reverse cholesterol transport (a concept to describe cholesterol efflux from the entire periphery to the liver for fecal excretion). 23 Data from transgenic mouse models express ing CETP have not been consistent. [24] [25] [26] [27] [28] [29] One theory serves to help explain the discrepant results of these mouse models. In normal mice, CEs are typically delivered to the liver by HDL via hepatic scavenger receptor-BI (SR-BI). However, in the setting of CETP expression, reverse cholesterol transport might actually increase despite a reduction in plasma HDL-C levels depending on the degree of CE uptake by the liver via the LDL receptor. In mice that have robust pathways for uptake of apoB-containing lipoproteins (eg, LDL), the expression of CETP, although it reduces HDL-C levels, might be expected to be anti-atherogenic. Conversely in mice that have markedly defective uptake of apoB-containing lipoproteins, expression of CETP might be expected to be proatherogenic. 30 In contrast to mice, studies in humans have indicated that the majority of HDL CEs typically are returned to the liver by apoB-containing lipoproteins and not HDL. 31 This observation suggested that in humans the hepatic SR-BI pathway may not be especially active and that CETP catalyzes the major pathway by which CEs are returned to the liver. Therefore, in humans, in the setting of impaired clearance of apoB-containing lipoproteins (eg, familial hypercholesterolemia, other genetic and environmental factors that reduce hepatic apoB-lipoprotein uptake), high CETP activity might be proatherogenic with deficiency (or inhibition) being relatively anti-atherogenic. On the other hand, in those with highly effective apoB-lipoprotein clearance (such as patients on high-dose statins), CETP might be relatively anti-atherogenic, with deficiency (or inhibition) being relatively proatherogenic. 30 A recent analysis of the Pravastatin or Atorvastatin Evaluation and Infection Therapy -Thrombolysis in Myocardial Infarction 22 (PROVE IT -TIMI 22) trial evaluated the relationship between CETP mass (a surrogate for CETP activity) with the risk of recurrent coronary events and found that increased CETP mass levels were associated with decreased coronary events. Interestingly, this relationship was only present for those with LDL-C below the median (a marker of enhanced hepatic clearance). As introduced above, this finding might be explained by CETP actually increasing reverse cholesterol transport in those with enhanced CE uptake by LDL receptors. For those with normal or impaired CE uptake by LDL receptors, CETP might not improve reverse cholesterol transport. 32 Because of the well-validated benefits of statins on CV events, outcomes trials will necessitate testing CETP inhibition on the background of statin therapy except in rare circumstances (eg, statin intolerance).
While the data from mouse models have been mixed, the results from hamster and rabbit models have consistently suggested CETP inhibition to be anti-atherogenic. In both normo-and hypercholesterolemic hamsters, use of a CETP-neutralizing antibody led to similar lipid modifications to those seen in homozygous CETP deficiency. 33 In a rabbit model, immunization of cholesterol-fed rabbits with a CETP-based vaccine resulted in 24% lower LDL-C and 42% higher HDL-C, with a reduction in aortic atherosclerosis. 34 In another rabbit study, reductions in atherosclerosis were also demonstrated with CETP inhibition using antisense oligonucleotides. 35 One of the interesting questions in CETP deficiency is whether the HDL particles produced by potent CETP inhibition are functional. Regardless of whether reverse cholesterol transport is increased, the initial steps of cholesterol efflux from foam cells may be one of the key anti-atherogenic functions of HDL. 5 Typically, the ATP-binding cassette (ABC) transporter ABCA1 promotes free cholesterol efflux from these cells to lipid-poor apoA-I and preβ-HDL. As mentioned earlier, in homozygous CETP deficiency these subclasses of HDL are diminished at the expense of larger HDL particles. ABCA1 is thought to poorly interact with these more "mature" HDL fractions. ABC transporter ABCG1, however, is activated by cholesterol accumulation within macrophages by the same transcription factors as ABCA1 and also plays a role in cholesterol efflux. In a study evaluating the preservation of this anti-atherogenic function of HDL in subjects with genetic CETP deficiency, it was found that macrophage cholesterol efflux is actually increased, primarily through ABCG1 ( Figure 1 ). This increased efflux is related to the very high content of LCAT and apoE in these large HDL particles, presumably driving net cholesterol efflux by promoting cholesterol esterification. 36 Additional studies have evaluated the effect of CETP deficiency on liver uptake of cholesteryl ester, an important downstream step in a reverse cholesterol transport. These studies suggest that there may be increased CE uptake via SR-BI as well as through a high affinity of large apoE-rich HDL for LDL receptors. 20 Observational studies assessing the association of CETP deficiency with cardiovascular outcomes have been mixed. [37] [38] [39] Recently, a meta-analysis established that three CETP genotypes were not only associated with decreased CETP activity and increased HDL but also with a lower risk of myocardial infarction (MI). For example, for each allele inherited, individuals with the TaqIB polymorphism had lower mean CETP activity (−8.6%), higher mean HDL-C (4.5%), higher mean apoA-I (2.4%), and an odds ratio for coronary disease of 0.95 (95% confidence intervals [CI], 0.92, 0.99). Similar associations were found for the other two CETP genotypes. 40 Subsequent studies have confirmed that genetic variants leading to reduced CETP activity and its corresponding anti-atherogenic lipid profile are associated with reduced atherosclerotic outcomes. 41 
Lessons from torcetrapib
Much of what is currently known about the impact CETP inhibitors have on atherosclerotic outcomes was derived from torcetrapib, the first CETP inhibitor to reach phase III trials. Torcetrapib is a 3,5-bis-trifluoromethyl-benzene derivative that forms stable, inactive complexes between CETP and lipoproteins (primarily HDL). Interestingly, while this decreases CETP activity, it results in an increase in CETP mass, presumably from accumulation of these complexes. 44, 45 It is unknown whether the accumulation of CETP has any biologic significance.
In Phase I-II studies, torcetrapib demonstrated dosedependent elevation of HDL-C (up to ∼60%) and lowering of LDL-C (∼20%), both when administered as monotherapy or in combination with atorvastatin. [46] [47] [48] Like other mechanisms of CETP inhibition, torcetrapib significantly reduced aortic atherosclerosis in a rabbit model. 49 Importantly, these early studies demonstrated an association of torcetrapib with increased blood pressure (BP) in both humans and animal models. The mechanism was not elucidated prior to launching the Phase III programs.
The Phase III studies included the outcomes study ILLU-MINATE and three imaging trials, RADIANCE 1 and 2 and ILLUSTRATE. ILLUMINATE randomized 15,067 subjects with stable coronary heart disease (CHD) or CHD equivalent (eg, diabetes mellitus) 1:1 to atorvastatin or atorvastatin and torcetrapib 60 mg daily. Despite torcetrapib-related LDL-C reductions of 24.9% and HDL-C elevations of 72.1%, the trial was stopped early by the data monitoring committee due to a 25% increase (464 [6.2%] vs 373 [5.0%]) in the primary endpoint (PEP) in the torcetrapib arm. Review of this composite endpoint demonstrated an increased risk for each of the components (ie, death from coronary heart disease, nonfatal MI [nonprocedure related], stroke, or hospitalization for unstable angina) as well as a 58% increase in death from any cause (93 vs 59 cases) 50 ( Figure 2 ). Although the deaths from cancer and infection were significantly elevated in the torcetrapib compared to the placebo group, overall reports of cancer and infection were not. The torcetrapib arm again demonstrated an increase in BP (5.4 mmHg increase in systolic BP), which post hoc exploratory analyses found to be associated with increased serum levels of aldosterone and serum electrolyte changes (reduced potassium, increased sodium and bicarbonate). 50 The three imaging studies also randomized subjects to torcetrapib 60 mg daily in addition to atorvastatin therapy. In RADIANCE 1, subjects with heterozygous familial hypercholesterolemia were evaluated for the primary endpoint of rate of change in maximum carotid intimal medial thickness. Despite similar lipid changes to ILLUMINATE, no significant difference was demonstrated in the primary endpoint at 2 years of follow-up. 51 In RADIANCE 2, subjects with mixed hyperlipidemia were evaluated for the same endpoint, but the trial was stopped early due to the results of ILLUMI-NATE; however, at almost 2 years of follow-up, no significant change was found between the arms. 52 ILLUSTRATE used intravascular ultrasound to evaluate for a reduction in percent coronary atheroma volume; at 24 months the addition of torcetrapib to atorvastatin therapy failed to demonstrate a benefit compared to atorvastatin monotherapy. 53 As a consequence of the findings of ILLUMINATE, Pfizer, the manufacturer of torcetrapib, closed down the torcetrapib development program.
The results of these trials raised the broad question of why the anticipated anti-atherogenic lipid modifications induced by CETP inhibition did not have a favorable effect on atherosclerotic plaque and if there were beneficial effects of torcetrapib, whether these might have been overcome by more deleterious ones. Scientific questions included: (1) Was the increase in BP enough to cause the increase in CV events? (2) Was CETP inhibition responsible for the elevation in BP or was this an "off-target" effect? (3) Were CETP-induced lipid changes truly anti-atherogenic? (4) What was the cause of the increase in mortality?
Beginning with the first two questions, it is unlikely that this modest BP elevation of itself resulted in a 25% increase in CV events without a significant increase in stroke (43 vs 40 in the torcetrapib and placebo arms, respectively, P = 0.74). 50 Evaluation of the contribution of CETP inhibition to BP elevation included the following studies. Firstly, torcetrapib was shown to increase levels of cortisol and aldosterone by stimulating expression of the enzymes involved in the final step of their production in human adrenal cells. 54 Secondly, torcetrapib treatment was found to increase circulating aldosterone and corticosterone in rats and BP elevation in rats, mice, and dogs, all species that lack CETP. Thirdly, CETP inhibitor compounds structurally different than torcetrapib were found not to result in these effects. [55] [56] [57] Finally, an analysis of loss-of-function CETP single nucleotide polymorphisms, which reduce CETP activity and raise HDL-C, did not find an association with elevations in BP. 58 In total, these studies provided strong evidence that the aldosterone and BP elevations seen with torcetrapib were independent of its inhibition of CETP and were most likely due to off-target effects of the compound.
Further investigations have not yet clarified the mechanism of the torcetrapib-induced sustained blood effect. Experimental studies demonstrated that torcetrapib-induced aldosterone elevations are brief and unable to explain the sustained vasopressor response. Experiments with trilostane, an inhibitor of 3β-hydroxysteroid dehydrogenase (enzyme needed for steroidogenesis), prevented the increase in aldosterone seen with torcetrapib but did not abolish the drug's vasopressor effect. 59 Other experiments have demonstrated that the vasopressor effect was dependent upon the presence of intact adrenal glands, suggesting that other adrenal-derived mediator(s) may have been responsible. More recently, animal models have demonstrated that torcetrapib may also have had adverse effects on vascular endothelium; [60] [61] [62] importantly, these effects appeared to be CETP independent as well.
In regards to the third question, the surprising failure of torcetrapib in the three imaging trials to stabilize or reduce atherosclerotic plaque despite a significant decrease in LDL-C and increase in HDL-C called into question whether torcetrapib-induced lipoprotein changes are anti-atherogenic.
Reassurance came from studies that demonstrated reductions in postprandial formation and accumulation of atherogenic TG-rich particles with torcetrapib therapy. 63 In addition, torcetrapib-induced HDL demonstrated an increased ability to efflux cholesterol from macrophages; 64 as in homozygous CETP deficiency, this correlated with the accumulation of apoE-rich HDL2 species and increased LCAT activity. 66 In studies of reverse cholesterol transport in mouse and hamster models, torcetrapib demonstrated an increase in biliary and fecal sterol excretion. 66, 67 Further support for the functionality of torcetrapibinduced HDL came from post hoc analyses of the torcetrapib Phase III trials. In ILLUMINATE, those subjects with achieved HDL-C levels above the median had reduced CV events compared to those who did not. 50 In ILLUSTRATE, an inverse association between HDL-C achieved and the primary endpoint of atheroma volume (r = −0.17, P , 0.001) was found. In addition, the highest quartile of HDL-C achieved (.86 mg/dL) demonstrated atheroma regression, suggesting that there may be a "threshold effect" to HDL-C elevation. A potential antidiabetic benefit of CETP inhibition was evaluated in a post hoc analysis of ILLUMINATE. In vitro data have suggested that HDL may have antidiabetic properties. 69 In ILLUMINATE, those receiving torcetrapib had lower glucose levels, insulin levels, and measures of insulin resistance, although these results could not be definitely attributed to the torcetrapib-induced HDL increase. 70 In regards to the last question, the increase in all-cause mortality seen in ILLUMINATE is still without a definitive explanation. Aside from CV death, cancer-and infectionrelated deaths were also increased. The explanation for this finding is uncertain, but it has been proposed that an excess in glucocorticoids may have decreased immunosurveillance, resulting in worse outcomes from infection and neoplasms. 71 In summary, the ILLUMINATE failure, while raising appropriate concerns, did lead to encouragement for the potential of CETP inhibition if accomplished by "clean" CETP inhibitors (ie, without known off-target effects). These findings allowed the research community and manufacturers to move cautiously forward with other CETP inhibitors but only alongside a thorough re-evaluation of their safety, especially on BP, the vasculature, and the adrenal gland.
Insights from other CETP inhibitors Dalcetrapib
Unlike torcetrapib and anacetrapib, dalcetrapib is a benzenethiol derivative and binds at a different site than torcetrapib and anacetrapib. Dalcetrapib has a cysteine group, which allows formation of covalent bonds with various plasma proteins, including a disulfide bond with the cysteine 13 group of CETP. Dalcetrapib induces a time-dependent conformational change in CETP and similar to torcetrapib and anacetrapib, promotes the formation of a complex between CETP and HDL. 18, 45 The potency of dalcetrapib is significantly less than torcetrapib and anacetrapib. It reduces CETP activity by about 50% with a subsequent reduction in LDL-C of ,10% and an increase in HDL-C of 30%-35%. 72 Like other methods of CETP inhibition, dalcetrapib was shown to reduce the development of atherosclerosis in cholesterol-fed rabbits. 73 Unlike states of complete CETP deficiency or potent CETP inhibition, in vitro data suggested dalcetrapib had little effect on homotypic CE transfer (eg, not changing pre-β-HDL levels) 74 and did not result in the formation of large apoE-rich HDL2 particles, 75 features that were proposed by some experts to perhaps be advantageous after the failure of ILLUMINATE.
Early Phase I and II studies of dalcetrapib demonstrated good tolerability without any effect on BP or the adrenal gland. 76, 77 In order to search for potential adverse vascular effects of the compound, a number of surrogate endpoint studies were initiated in parallel with a larger outcomes study. Safety and efficacy of dalcetrapib on atherosclerotic disease using novel non-invasive multimodality imaging (dal-PLAQUE) was an exploratory study that used position emission tomography and magnetic resonance imaging to evaluate vascular inflammation and remodeling. The results suggested that dalcetrapib did not increase carotid inflammation at 6 months or worsen atherosclerotic remodeling of the vasculature at 24 months. 78 Dal-VESSEL evaluated the BP and vascular effects of dalcetrapib using 24-hour ambulatory BP monitoring and brachial flow-mediated dilatation. The results confirmed dalcetrapib did not increase BP or reduce nitric oxide (NO)-dependent endothelial function. 79 The Phase III dal-OUTCOMES trial randomized 15,871 patients with recent acute coronary syndrome (ACS) to dalcetrapib 600 mg daily versus placebo. The primary efficacy measure was time-to-first occurrence of CHD death, nonfatal acute MI, and unstable angina requiring hospital admission, resuscitated cardiac arrest, or atherothrombotic stroke. 80 In May 2012, at a prespecified interim analysis of 71% of the projected target endpoints, the data monitoring committee recommended stopping the trial for futility. Based on this recommendation, this trial along with the remaining dalcetrapib trials was stopped by Roche, the drug manufacturer and trial sponsor. 81 The stopping of dal-OUTCOMES was disappointing to proponents of the beneficial effects of CETP inhibition and pharmacologic HDL-C raising. Since dalcetrapib only significantly modifies HDL-C, the trial was powered purely based on the anticipated benefits of HDL-C augmentation on lowering CV risk. Surprisingly, dal-OUTCOMES demonstrated no relationship between baseline HDL-C or increases in HDL-C and the risk of CV events. In regards to the population, the trial cohort was enrolled after recent ACS (median 61 days from index event) and followed for up to 3 years. Some have suggested that the benefits of HDL augmentation may have been difficult to detect in the setting of a recent ACS. If the timing of enrollment was the culprit, one might expect a signal for benefit to develop as the cohort stabilized; however, no signal for incremental benefit was present, even for those subjects with the longest follow-up. In retrospect, dal-OUTCOMES may indicate that either (or both) dramatic HDL-C elevations or significant reductions in atherogenic particles, including LDL-C, apoB, non-HDL-C, and Lp(a), are needed to demonstrate clinical benefit from CETP inhibition. Reassuringly, the safety profile of dalcetrapib was acceptable, suggesting that at least moderate CETP inhibition is not associated with any clinically obvious concerns. Importantly, a minor elevation of systolic BP (0.6 mmHg) was found in the dalcetrapib arm. 82 Since dalcetrapib is structurally different than torcetrapib, these findings revive the discussion of whether there are unknown biologic consequence(s) of CETP inhibition. Although not associated with any clinical safety concerns, mechanistic investigations for a connection to CETP inhibition are warranted. In light of the torcetrapib and dalcetrapib experiences, it is still unknown whether near-complete inhibition with a "clean" CETP inhibitor might be beneficial.
Evacetrapib
The latest CETP inhibitor evacetrapib is a novel benzazepinebased compound. The Phase II results demonstrated potent dose-dependent lipid modification; the effect on Lp(a) was not reported (Table 1) . 83, 96 In addition, the compound demonstrated good tolerance without a significant increase in adverse events, including aldosterone, cortisol, or BP elevation. The Phase III outcomes study ACCELERATE (NCT01687998) has recently begun an anticipated enrollment of 11,000 subjects for an average follow-up of approximately 2 years. ACCELER-ATE will enroll a higher risk coronary artery disease (CAD) cohort (within 1 year of index ACS) with a broader primary composite endpoint, including CV death, MI, stroke, coronary revascularization, or hospitalization for unstable angina. ACCELERATE will test a new formulation of evacetrapib that is anticipated to have similar lipid-modifying effects as the 500 mg dose tested in the Phase II study (Table 2) . 84 
Anacetrapib
Anacetrapib is a 3,5-bis-trifluoromethyl-benzene derivative with similar binding properties to CETP as torcetrapib. The compound was developed when it was found that a substitution modification of the oxazolidinone ring increased its potency for CETP inhibition in a transgenic mouse model. 85 In terms of its pharmacokinetics and pharmacodynamics, anacetrapib is rapidly absorbed with a time-to-peak plasma concentration of about 4 hours. The oral bioavailability of anacetrapib is poor, with only about 20% being absorbed; however at this exposure, LDL-C is reduced up to 40% and HDL-C increased up to 140%. It is recommended that anacetrapib be taken with food (ie, low-fat diet) to increase drug exposure (and efficacy) as well as compliance. 86 Anacetrapib is highly protein bound (eg, CETP) in the plasma (.99.5%). It is cleared by oxidative metabolism via Cytochrome P450 3A4 (CYP3A4) with excretion of the metabolites via the biliary/fecal route. Only a trace amount is eliminated by urinary excretion. 87 Importantly, while anacetrapib is a sensitive CYP3A4 substrate, anacetrapib neither inhibits nor induces CYP3A4 activity. No meaningful interactions have been found between anacetrapib and simvastatin, digoxin, or warfarin. 86 Anacetrapib in part to its redistribution to adipose tissue has a long terminal half-life. 88 Phase I-II studies of anacetrapib demonstrated that higher doses result in near-complete inhibition of CETP activity with resultant LDL-C and HDL-C levels similar to those seen in homozygous CETP deficiency (Table 1) . 89, 90 Lipid changes include: (1) decreased VLDL-C, IDL-C, and LDL-C; (2) TG enrichment and CE depletion within apoBcontaining particles; (3) decreased medium and smaller LDL particles with an increase in very small LDL particles; and (4) increased HDL2 and total HDL cholesterol and particle concentrations with absolute increases in apoA-I, apoA-II, apoE, and apoC-III (only apoC-III, however, demonstrates a percentage mass/particle increase). Additionally, decreases in Lp(a) up to 43% were found. 91 Using the results of these studies, a model-based strategy was employed to decide which dose would be used as the program advanced into larger clinical studies. The 100 mg daily dose was selected as it is the minimum dose necessary to achieve the near maximal effects on HDL-C and LDL-C (ie, the flat part of the dose-response curve). 92 In light of the torcetrapib experience, anacetrapib was tested and demonstrated no effect on adrenal steroid levels in vitro or in animal models. 55 Functional assessments of anacetrapib-induced HDL demonstrated: (1) enhanced cholesterol efflux properties from macrophages possibly driven by the increased apoE and LCAT concentration; and (2) ability to suppress macrophage toll-like receptor 4-mediated inflammatory responses in the same concentration-dependent manner as HDL particles from untreated subjects. 93 More recently, a hamster model of reverse cholesterol transport demonstrated the ability of anacetrapib to deliver CE to the liver for biliary-to-feces excretion. 94 The DEFINE trial was a randomized, double-blind, placebo-controlled study to further assess the safety of anacetrapib in patients with CHD or CHD equivalents. A Bayesian approach was applied to determine the predictive probability (confidence) to dismiss a torcetrapib-like 25% increase in CV events as observed in ILLUMINATE, in addition to a long list of prespecified safety parameters. Lipid entry criteria were LDL-C 50-100 mg/dL while on statin therapy with or submit your manuscript | www.dovepress.com without other lipid-lowering therapy, HDL-C ,60 mg/dL, and TG ,400 mg/dL. Subjects were assigned to either anacetrapib 100 mg daily or placebo for a 76-week treatment period followed by a 12-week, off study, drug "reversal" period. The study drug was discontinued for those patients achieving an LDL-C ,25 mg/dL. Investigators were prompted to increase the lipid-lowering therapy for those with an LDL-C .115 mg/dL. Secondary to anacetrapib's robust lowering of atherogenic apoB-containing lipoproteins, the primary endpoint was LDL-C at 24 weeks. 95 In DEFINE, 1623 subjects were randomized to either anacetrapib or placebo. For 142 patients in the anacetrapib arm and one patient in the placebo arm, treatment was discontinued due to LDL-C ,25 mg/dL. Follow-up and safety assessments were achieved in .99% of subjects in both arms. The primary endpoint, LDL-C decreased from 81 to 45 mg/dL in the anacetrapib arm as compared to 82 to 77 mg/dL in the placebo arm (39.8% reduction with anacetrapib compared to placebo). HDL-C increased from 41 to 101 mg/dL in the anacetrapib arm as compared to 40 to 46 mg/dL in the placebo arm (138.1% increase with anacetrapib compared to placebo) (Figure 3 ).
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96 Table 1 provides a full listing of the lipid effects in DEFINE.
Importantly, CETP inhibitor studies to date have largely reported calculated LDL-C using the Freidewald (FR) equation. A recent study demonstrated that in anacetrapibtreated patients, the FR equation overestimates LDL-C reduction by 12.2 mg/dL compared to the β-quantification reference method. It is believed that CETP inhibitor-induced alterations in the composition of lipoproteins, renders the division of TG by 5 in the FR equation no longer valid. The LDL-C measurements reported in DEFINE were calculated by the FR equation, and thus anacetrapib-induced LDL-C reductions are likely to be somewhat less than 40%. The LDL-C measurements reported in DEFINE were calculated by the FR equation, and thus the true LDL-C reductions are somewhat less. The Phase II study of evacetrapib measured LDL-C by using an enzymatic method; enzymatic assays are expected to produce LDL-C values closer to those of the β-quantification method. 97 In terms of safety endpoints, anacetrapib demonstrated no increase in side effects (including myalgia), drug-related adverse effects, adverse events leading to drug discontinuation, or other important safety endpoints, such as BP, electrolyte, aldosterone, creatinine kinase, or transaminase levels. A very small increase in C-reactive protein of undetermined significance was seen with anacetrapib, which notably was also reported with torcetrapib and dalcetrapib in their Phase III studies. It is unknown whether this is a class effect as the small sample size in the evacetrapib Phase II study limits evaluation of small C-reactive pro tein changes. Most importantly, the prespecified adjudicated CV events occurred in 16 patients treated with anacetrapib (2.0%) and 21 patients (2.6%) treated with placebo. The Bayesian analysis provided a 94% predictive probability that anacetrapib is not associated with the rate of adverse CV events reported with torcetrapib. 96 Prespecified subgroup analyses demonstrated a fairly uniform response to anacetrapib except in black subjects in whom drug levels were lower with a diminished LDL-C (25% reduction) and HDL-C response (80% increase). This finding will require confirmation due to the small number of black subjects (n = 34) enrolled in DEFINE. 98 In those allocated to anacetrapib, persistent plasma levels were found 12 weeks after drug cessation with attenuated but persistent lipid effects; LDL-C (−19%), non-HDL-C (−18%), Apo B (−10%), HDL-C (+73%) and ApoA-I (+25%). 99 Follow-up studies are in progress to determine the pharmacokinetic and pharmacodynamic features of longterm anacetrapib administration.
Based off the encouraging efficacy and safety results of DEFINE, the Phase III outcomes study REVEAL (NCT01252953) is currently underway (Figure 4 and Table 2 ). REVEAL is expected to randomize 30,000 stable patients with prior MI, diabetes mellitus with coronary artery disease, peripheral arterial revascularization, and/or stroke to either placebo or anacetrapib in addition to atorvastatin therapy. The primary endpoint is a composite of coronary death, MI, or coronary revascularization. The trial is anticipated to finish in 2017 with an anticipated median follow-up duration of 4 years ( Table 2) . 100 There are important differences between the study designs and patient populations in REVEAL and ACCELERATE. Both trials are expected to enroll patients predominantly under the inclusion criterion of a prior coronary event. REVEAL will enroll a slightly lower risk population since patients greater than 1 year from their last MI are eligible; whereas in ACCELERATE these patients must be enrolled within 1 year of their last ACS. It is expected that the REVEAL population will also have lower starting LDL-C levels, both because statin-intolerant subjects will not be enrolled and because of more stringent lipid entry criteria. The final major difference is that the primary endpoint in REVEAL is focused on coronary events, while ACCELERATE has a broader primary endpoint. A broader primary endpoint along with a slightly higher risk population will allow for a shorter follow-up duration and much smaller sample size in ACCELERATE.
Together REVEAL and ACCELERATE will provide more definitive answers on potent CETP inhibition in reduc- ing CV outcomes and its long-term safety. Unlike DEFINE, REVEAL will not mandate discontinuation of anacetrapib for LDL-C ,25 mg/dL and thus will provide further information on treatment to very low LDL-C levels. It is unknown to the authors whether ACCELERATE will discontinue evacetrapib at a minimum threshold.
Conclusion
The history of CETP inhibition has had a turbulent beginning with the failure of its first two compounds in large outcomes trials. Despite this, observational and experimental evidence indicate that CETP remains a valid target and that the lipid changes resulting from its inhibition may be protective. The biology of CETP inhibition is complex, and questions remain regarding which lipid changes (eg, reductions in LDL and Lp(a), increases in HDL) are most likely to be important and whether there are still unknown effects that may negate any overall clinical benefit. In addition, if potent CETP inhibition is found to be beneficial, it is still unclear whether this effect will be homogeneous or vary based on individual metabolism. Anacetrapib and evacetrapib are now poised to test the hypothesis that CETP inhibition may reduce atheroscle- rotic outcomes. In contrast to torcetrapib and dalcetrapib, these compounds may have advantageous features that result in clinical efficacy with an acceptable safety profile. Compared to torcetrapib, anacetrapib has consistently demonstrated no off-target effects. In addition, the results of DEFINE suggested a reduction in coronary revascularization with anacetrapib, potentially indicating a benefit for coronary atherosclerosis. Compared to dalcetrapib and torce trapib, anacetrapib produces greater reductions in LDL-C, non-HDL-C, and Lp(a), which may result in a significant clinical effect, regardless of the benefit of HDL-C elevation. Experimental data do, however, support that anacetrapib-induced HDL (especially the apoE-rich HDL2 particles) may have an enhanced ability for reverse cholesterol transport without any known adverse effects. Importantly, if a threshold effect for HDL-C augmentation exists, the vast majority of patients taking anacetrapib would be expected to cross it.
The risk of a recurrent CV event in patients with a prior atherosclerotic remains unacceptably high. Despite a difficult beginning for the class of CETP inhibitors, anacetrapib and evacetrapib hold promise as future therapies for patients with atherosclerosis as well as to answer important questions regarding the role of CETP in the biology of lipid metabolism and atherosclerosis.
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Follow up visits
At month 2 and 6, and every 6 months thereafter
Placebo + atorvastatin
Final visit
Total cholesterol ≤ 155 mg/dL 
